Abstract: Metabolic abnormalities are common in patients with depressive disorders. However, the relationship between gout and depression is unclear. We explored the causal relationship among gout, antigout medication, and the associated risk of incidental depressive disorders.
INTRODUCTION

M
etabolic abnormalities, including increased body mass index (BMI), central obesity, hyperlipidemia, hyperglycemia, and hyperuricemia, are closely associated with common mental disorders. [1] [2] [3] [4] [5] [6] Moreover, the prevalence of metabolic syndrome is higher in patients with mood disorders than in the general population, with a substantial impact on quality of life. [7] [8] [9] However, the relationship between hyperuricemia (or gout) and mood disorders is unclear. Hyperuricemia is associated with obesity, insulin resistance, hypertension, and metabolic syndrome; 10, 11 therefore, the pathophysiological mechanisms of mood disorders and gout might be similar. Uric acid is a metabolite and downstream product of adenosine, a purine nucleoside. The purinergic system comprises signaling pathways involving the neurotransmitter adenosine triphosphate (ATP) and the neuromodulator adenosine. The system is present in many central nervous system (CNS) regions, such as the cerebral cortex, basal ganglia, and limbic system, and is responsible for neurotransmission, synapse formation, and neuronal plasticity. 12, 13 Moreover, this system interacts with other neurotransmitter systems including serotonin, dopamine, and gamma-aminobutyric acid. This implies that purinergic signaling dysfunction may disturb other neurotransmitter systems and cause neuroinflammation.
14 Therefore, the purinergic system might be involved in mood regulation, sleep patterns, impulsivity, and locomotor activity. 15, 16 A nationwide study recently confirmed that patients with bipolar disorder were at a higher risk of gout than healthy controls. 17 However, no study has explored the association of depressive disorders, the most common mood disorder, with gout. In this retrospective cohort study, we used a nationwide dataset to clarify whether gout is a predictor of depressive disorders. We also explored the association between antigout medication treatment and depressive disorders. We proposed the following hypotheses: first, patients with gout may have a higher risk of depressive disorders than the general population, after adjustment for other possible demographic and metabolic confounders. Second, antigout medication may lower the risk.
METHODS
Data Source
Since its establishment in 1995 in Taiwan, the National Health Insurance program has covered approximately 99% of Taiwan's population (23 million). The National Health Insurance Research Database (NHIRD) is a research database developed and managed by National Health Research Institute, and confidentiality is maintained according to the directives of the National Health Insurance Administration. For this retrospective cohort study, we used the dataset of Longitudinal Health Insurance Database 2000, which contains the longitudinally linked data of 1,000,000 enrollees randomly sampled from the NHIRD. To ensure patient privacy, patient identification numbers necessary to link files with identities are scrambled by the National Health Research Institute. Diagnoses are based on the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM). This study was approved to fulfill the condition for exemption by the Institutional Review Board (IRB) of China Medical University (CMUH104-REC2-115). The IRB also specifically waived the consent requirement.
Sampled Population
We included patients aged 20 years and older with newly diagnosed gout (ICD-9-CM code 274) from 2000 to 2010 in the gout cohort. The date of gout diagnosis served as the index date. The nongout cohort consisted of randomly selected Longitudinal Health Insurance Database 2000 beneficiaries without gout, who were frequency matched to patients with gout at a ratio of 2:1 by age (every 5-year span), sex, and index year. Patients diagnosed with depression at baseline (ICD-9-CM codes 296.2-296.3, 300.4, and 311) or missing information for age or sex were excluded from this study.
Outcome, Comorbidity, and Medication
The overall study population was followed up from the index date to the date of depression diagnosis, withdrawal from the National Health Insurance program, or the end of 2011, whichever came first. Baseline comorbidities included hypertension (ICD-9-CM codes 401-405), diabetes (ICD-9-CM code 250), hyperlipidemia (ICD-9-CM code 272), stroke (ICD-9-CM codes 430-438), and coronary artery disease (CAD) (ICD-9-CM codes 410-414), and medications included nonsteroidal antiinflammatory drug (NSAID) and prednisolone. We coded a patient with NSAID (or prednisolone) use if they started to use the medication after the index date and had used for at least 30 days. In addition, antigout medications including colchicine, xanthine oxidase inhibitors, and uricosuric agents were analyzed.
Statistical Analyses
Demographic characteristics, including sex and age, and baseline comorbidities were compared between the gout and nongout cohorts using the Chi-square test for categorical variables and the t-test for continuous variables. The cumulative incidence of depression in the gout and nongout cohorts was assessed using the Kaplan-Meier method, and the differences were assessed using the log-rank test. The sex-, age-, comorbidity-, and medication-specific incidence densities of depression were assessed for both cohorts. Univariate and multivariate Cox proportional hazard regression models were used to examine the effect of gout on the risk of depression, represented using the hazard ratio (HR) with the 95% confidence interval (CI). The multivariate models were adjusted for age, sex, and the comorbidities of hypertension, diabetes, hyperlipidemia, stroke, and CAD and the medications of NSAID and prednisolone. All statistical analyses were performed using the SAS statistical package (Version 9.4 for Windows; SAS Institute, Inc., Cary, NC); P < 0.05 was considered statistically significant.
RESULTS
Overall, the study population totaled 102,150 in this retrospective cohort study, including 34,050 patients with gout and 68,100 controls. The distribution of age and sex was similar in both cohorts. Most patients were men, and more than half were less than 49 years of age in our study. Compared with the nongout cohort, a higher prevalence of hypertension, diabetes, hyperlipidemia, stroke, and CAD was observed in the gout cohort (P < 0.001). NSAID and prednisolone use was more prevalent in the gout cohort at baseline than in the nongout cohort (P < 0.001) ( Table 1 ). The cumulative incidence of depression was significantly higher in the gout cohort than in the nongout cohort (log-rank P < 0.001) (Figure 1 ).
During the mean follow-up of 7.63 years for the gout cohort and 7.42 years for the nongout cohort, the overall incidence of depression (per 1000 person-year) was 3.13 and 2.60, respectively. After adjustment for age, sex, comorbidities, and medications, patients with gout had a 1.18-fold higher risk of depression compared with that in controls (95% CI ¼ 1.07-1.29). The sex-specific gout cohort to nongout cohort adjusted HR of depression was significant for men (adjusted HR ¼ 1.20, 
DISCUSSION
In this study, patients with gout had a 1.18-fold higher risk of depressive disorders than controls (representing the general population) during the 10-year period. Moreover, compared with controls, gout patients without antigout medication use had a higher risk of depressive disorders, but antigout medication use was associated with a reduced risk of depression. These major findings support our hypotheses and were still statistically significant after adjustment for age, sex, and possible confounding variables such as comorbidities. Based on our research, the present study is the first to demonstrate the causal relationship among gout without antigout medication, gout with antigout medication, and depressive disorders by using a nationwide cohort dataset and a follow-up study design. Analyses stratified by sex, age, and comorbidities showed that men, patients aged 49 years, and those without comorbidities or NSAID or prednisolone use had a high risk of depression among patients with gout.
Studies have addressed the role of purinergic system dysfunction in mood disorders, including studies of genetic variations 18 and peripheral purinergic biomarkers (such as uric acid levels), 19 neuroimaging studies, 20, 21 and clinical trials (of antigout medication on adjunctive treatment of bipolar disorder). 22, 23 Ortiz et al 14 reviewed the aforementioned studies to determine the involvement of purinergic signaling dysfunction in the pathophysiology and therapeutics of mood disorders. Sperlagh et al 16 also reviewed available literature to explain the profound effects of a purine receptor, P2rx7, and its activation on mood-related behavior via glutamate release and neuronal plasticity in depressive disorders. However, few clinical studies have focused on the direct association of mood disorders with systematic purinergic dysfunction (medical comorbidities), particularly gout. A recent study with a matched retrospective cohort design in the United Kingdom failed to identify an association between gout and subsequent incident consultation for depression in primary care. 24 However, compared with the current study that study had a smaller sample size (1689 patients with gout and 6756 controls), including older patients with gout (63 AE 16 year), and demonstrated a much higher incidence rate of depression (10.8 per 1000 person-year). Chung et al 17 also used a nationwide population-based dataset to demonstrate the association between bipolar disorder and the risk of gout. They showed that the risk of gout was 1.19-fold higher in patients with bipolar disorder than in their matched controls during the 6-year follow-up period. They enrolled more female patients (60.7%) and found that those with renal disease, CAD, metabolic syndrome, and alcohol or substance dependence were all at risk of gout. Therefore, a bidirectional causal relationship seems to exist between mood disorders and gout. Another study demonstrated that most patients with gout in the United Kingdom have a higher burden of comorbidity at diagnosis, and that the risk of incident comorbidity continues to increase following diagnosis. 25 Moreover, depression is one of the comorbidities potentially associated with gout.
Our findings that women and aging were both significantly associated with depressive disorders, was consistent with epidemiologic characteristics of depressive disorders. However, the further stratified analysis showed that men and patients aged 49 years had a high risk of depression among patients with gout. Some possible reasons may explain these inconsistencies. These patients may be representative of a specific subgroup with different pathophysiological mechanism of depression. Besides, accumulated evidence suggests that hormone fluctuations may play a role in the increased risk for depressive disorders in women, especially the menopausal transition. 26 Hormonal effect seems to be a confounding factor to women, not men. But the patients recruited in our study are younger and male predominant. So, the preliminary results are limited to a subset of the cohort and should be interpreted cautiously.
An unexpected finding of our study is that NSAID use decreased the risk of depression; however, among patients without NSAID use, a significantly higher risk of depression was observed in the gout cohort than in the nongout cohort. This finding implies that gout and NSAID may have an interactive effect on depression, and that NSAID may even mediate the association of gout with depression. The immune inflammatory reaction is involved in the pathogenesis of gout, with increased C-reactive protein levels, blood neutrophil counts, and levels of cytokines, including interleukin 1 (IL-1), IL-2, IL-6, and tumor necrosis factor-alpha (TNF-a). 27 NSAID is commonly used in the treatment of acute gout despite of limited evidence by a recent systematic review. 28 On the other side, the inflammatory reaction and associated markers are also potential etiological factors for major psychiatric disorders. Depressive disorders have been demonstrated to be associated with an altered and dysregulated immune system, including changes in serum acute phase protein and cytokine levels. 29 The cytokine hypothesis of depression has promising findings in connection with the effect on central serotonin levels, microglial activation, the hypothalamic-pituitary-adrenal (HPA) axis, and neuroplasticity. 30 NSAIDs with antiinflammatory effects may have its role to support our finding. For example, acetyl-salicylic acid (ASA), one of the oldest known drugs in the world, irreversibly inhibits cyclooxygenase-1 and -2 (COX-1 and COX-2, respectively), thereby decreasing TNF-a and IL-6 levels. 31 Berk et al Many clinical trials of pharmacological agents targeting the purinergic system have been conducted; 22, 23, 34 most of these trials have used the xanthine oxidase inhibitor allopurinol as adjunctive therapy in patients with bipolar disorder. A recent systematic review and meta-analysis demonstrated the efficacy of purinergic modulators (including allopurinol) as adjuvant therapy for bipolar mania in comparison with a placebo. 35 However, no clinical trials of purinergic modulators have been conducted in patients with depressive disorders. Our preliminary finding that gout patients with antigout medication use have a low risk of depressive disorders may support the possible role of purinergic modulators in treating depressive disorders. Additional clinical trials are necessary to confirm the hypothesis.
Our study has some limitations. First, variables such as BMI, substance abuse history, and lifestyle factors, which may be associated with development of depression, were not included in our study because of the lack of data. Second, the serum uric acid levels are also not available in the NHIRD. The association between uric acid levels and depressive disorders cannot be confirmed. We may have underestimated the effect of purinergic dysfunction (particularly for hyperuricemia patients without gout) on mood symptoms. Third, because all definitions of variables were based on physicians' diagnoses, misidentification may bias the study results. Finally, the use of NSAID in our sampled population might be for other reasons other than gout despite of our effort in inclusion criteria. And depressive disorders have heterogeneous symptoms, psychopathologies, and etiologies and can be the initial presentation of bipolar disorder. Therefore, the results should be interpreted with caution.
In conclusion, our study provides the first nationwide population-based evidence to support the increased risk of depressive disorders in patients with gout, particularly in those without antigout medication, and the reduced risk in gout patients with any antigout medication treatment, after controlling for demographic characteristics, comorbidities, and antiinflammatory agent use. We should pay more attention to the mental health in the patients with gout, especially in younger people, men, and those without any antigout treatment. 
